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i ISSI
Interest

’SFC
» Lunar Equator — Science Instrument
Package

e Lunar Pole — Science Instrument
Package

e Lunar Crater

e Rim
* Floor — Permanently Shadowed Regions

Stationary Lander - ASRG
Rover - ASRG

e NEO (Near Earth Ob'ect} — Asteroid, etc.
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Power System Challenges

* Mass Constrained
e Lithium lon energy density

e Thermal Environment
¢-200° Cto +170° C

* Mission Duration
*6 Years — 75 Cycles

e Sun Light Availability

* ASRG — Advanced Stirling Radioisotope
Generator

e Solar Array
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Most Power Challenged
Missions

e Lunar Equator
e Solar Array Battery System
e Lithium lon energy density
«-200° Cto +170° C
*6 Years — 75 Cycles

e Lunar Polar Crater Floor - PSR
e ASRG ~ 140 watt maximum

e Lithium lon energy density supplement
¢-200° C to +20° C
* 6 months — 100 Cycles
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Lunar Equator Mission
Test Article Packaging MSFC

SAB LithionNCP552 Nominal Pack (2) 4 14  RT6yr
ES41-104LNTA006

SAB Lithion NCP552 Nominal  Pack(2a) 4 14 A8no
ES41-104LNTA007

SAB LithionNCP552 OffNom  Pack (2%) 4 RT-6yr
ES41-104LNTA008
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Lunar Polar Crater Floor

MSFC

* PSR - indicates use of radioisotope
power

* 140 watt ASRG output unable to cover
power peaks
Thrusters — 750 W
Science Instruments — 450 W

e Thermal Subsystem Control
»-200° Cto +20° C

e Lithium lon (LiFePO,) Battery Supplement
* 10 cell Battery
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Lunar Polar Crater Floor
MSFC
4 - - o
Cruise Thruster Sequencing . v
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Lunar Polar Crater Floor

MSFEC
- 200
70 Nutation Thrusters —Amperes
ACS W atts - 180
Current & Power
60 160
140
- 140
50
Thisthruster activity ocaurs onceachhour during the five day auise. - 120
il
$40 ©
= - 100 3
= o
© o
30 80
- 60
20
28 - 40
10 -
- 20
0 < - 0
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Seconds

o
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Lunar Polar Crater Floor
MSFC
100 800
]722_4 TCM Thrusters —Amperes
90 Descent & ACS
=W atts - 700
80 Current & Power
Thisthruster activity ocaurs onceachday during the first four days of the five day auise. . 600
70 520.8—520.8—520:8 5208 520-8
60 - 500
Eso 400 §
3 o
40 - 300
30 18|4.t1 18|1.11 18'1.8' 18|4.ﬂ| 18|1.!1 184.8 1o
20
10 - 100
0 < p- 0
0 0.02 0.04 0.06 0.08 0.1 0.12
Seconds
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Lunar Polar Crater Floor

100
TCM Thrusters A
—AMmperes
90 Descent & ACS Watt 700
Current & Power
80
Thisthruster activity ocaurs onceachday during the first four days of the five day auise. 600
70 -520.8 520.8 520.8 520.8 520.8 5208
- 500
60
wd
o
=50 400
3
(]
40 - 300
30
18Il.q 18ll.q 18ll.q 18Il.q 18ll.q 18'!.%00
20
- 100
10
0 -« 1 0
29.88 29.9 29.92 29.94 29.96 29.98 30
Seconds

Power
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Lunar Polar Crater Floor
MSFC
341.6 Braking Thrusters - 350
70 -—AMmperes
Current & Power —Watts . 300
60 274.4 274.4 274.4 274.4 274.4
- 250
50
£, - 200 _
o [ M)
£ 3
© - 150 &
30
94.2 94.2 94.2 94.2 94.2 95.2
20 100
Thisthruster activity ocaurs oncenthe fifthday of auise.
10 - 50
0 b ¢ T T T T T »' 0
0 0.02 0.04 0.06 0.08 0.1 0.12
Seconds
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MSFC
Braking Thrusters - 350
—Amperes
70 ACS
Current & Power —Watts . 300
g0 2744 274.4 274.4 274.4 274.4 274.4
- 250
50
" - 200
40 ©
: 2
=
© - 150 *
30
94.2 94.2 94.2 94.2 94.2 95.2
20 - ““100
Thisthruster activity ocaurs oncenthe fifthday of auise.
10 - 50
0 e io
69.88 69.9 69.92 69.94 69.96 69.98 70
Seconds
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Lunar Polar Crater Floor

MSFC
- 800
140 J722.4 722.4 Landing Thrusters 722.4
Descent & ACS . 700
120 Current & Power ——Amperes
Thisthruster activity ocarg orfenthe fifthday of auise immediately 3fte -\ atts i
. 600
braking.
100
- 500
- 420 420 420 -
080 — — — [
= - 400 3
= o
X} -1
60 - 300
1 1 1
0 3-8 a8 -9 - 200
20 84 84 84 100
0 < T T T T T " 0
0 0.02 0.04 0.06 0.08 0.1 0.12
Seconds
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Lunar Polar Crater Floor

140 122.4 7292.4 Landing Thrusters -,, ,
Descent & ACS
Current & Power
120
Thisthruster activity ocauis oficenthe fifthday of auise immediately hftdrbraking.
100
- 420 420 420
%80 —— e S
i
i
=]
(T
60
0 4 4 04
20 84 84 84
0
0 '< T T T T T *
119.88 119.9 119.92 119.94 119.96 119.98 120
Seconds

- 600

- 500

- 400

- 300

- 200

Power
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ILN/LPV ASRG/LiFePQBattery Risk Reduction Testing
Battery Cell Test
Battery #1 — 60 'C | Interface
Spacecraft Thermal Bus
(Baseplate inside WEB)
50°C Battery #2....-...-. — 50°C
NLPV Cruise
” Radiator Design
43 40°C
:E: "\ILN WEB Cruise 77? g
1 __20°C 1z
NLPV Surface, g
ILN Adapter .
Spin Stabilized S
— 10°C Cruise _ 10°C
Lower Boundary
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Watts

450

400

350

300

250

200

150

100

50 -

LPVASRG
Surface Drilling

Current & Power

Thisckill activity ocaurs oncevery 8 hours during the seven day communicationperioc

o
(-}
Depth (cm)

4 8 12 Days 16 20 24 28

NASA Aecrospace Battery Workshop, Huntsville, AL Nov 16, 2011




450
LPV ASRG
400 Surface Drilling
/ Current & Power
350
300
- 60
§250 _ 55
© - 50
2200 45
- 40
150 - 35
- 30
- 25
100 20
- 15
50 - 10
- 5
0 <+ f f —Hours —+——————+————+———p+ 0
6?2 L L 768 L 1 L 864 L L L 960 L L L 10I56 L L 11I52 L L 12I48 L L 13I44
28 32 36 40 Days 44 48 52 56

Depth (cm)

o
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W atts

450
/ LPV ASRG
400 / Surface Drilling
Current & Power
350
300
- 60 E
250 — : — - 55 ©
Thisdrill activity ocaurs oncevery 8 hours during the sevenday communicationperioc . 50 E’
200 45 2
- 40 o
150 - 35
- 30
- 25
100 - 20
- 15
50 - 10
- 5
o ' 2 2 [ : 2 2 [ : 2 [ 2 : 2 2 2 : [ 2 2 : 2 2 2 : 2 2 [ N_ o
1344 1440 1536 1632 Hours 1728 1824 1920 2016
56 60 64 68 Days 72 76 80 84
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A123 APR18650M1A Cell

NASA Aecrospace Battery Workshop, Huntsville, AL Nov 16, 2011

MSFC

19 /




o

Test battery ES41-10-ILN-TA-001 (10S2P)
2.2 Ahr
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Typical Battery Recharge

Battery Voltage (volts)

Battery 1
10W chgat 20 deg.C

8/03/10

H

29

28

27

Qa0

05 10
AH_In

15

20

11

1

Q09

08

07

06

Qs

04

- 03

02

- 01

0

01

Battery Current (amps)

MSFC
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Typical Battery Recharge

Temperature (deg. C)

25

24

23

22

21

20

18

17

16

Battery 1 8/03/10
10W charge at 20deg.C

1 2 3 4 5 6 7
hoursinto charge

MSFC
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Initial Battery Capacity

Battery Voltage (volts)

Battery 1
1.1 A capacity test at 20 deq.C

8/03/10

Qa3

Q2

|

01

0

01

02

— |+

=

03
04

0.5

0.6

- 07
- 08
- 09

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21

2.028 Ahrs

AH_out

Battery Current (amps)
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Initial Battery Capacity

Battery 1 8/03/10 MSFEC

1.1 A Capacity test at 20deg.C

25

T1
2
I3
r4
5]
I6
17

24

23

22

21

20

18

Temperature (deg. C)
G

17

16

0 10 20 30 40 50 60 70 80 %0 100 110 120
minutes into discharge
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Pulse Power Ability

Battery 1 8/05/10 MSFC
10W chgat O deg.C to 36V
39 11
38 1
37 0.9

|
I

—N Vs )
» a7 g.
/"n\ (o]
% 34 06 ‘:
” <
S = S
$ 5
o O
s a4 >
o
> S
.._
& 03 5
g o
o 02
o
01
0
27 01

Qa0 02 04 0.6 08 10 12 14 16 18 20

hoursin charge
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Pulse Power Ability

Battery 1 8/05/10
10W charge at 0 deg.C MSEC

5 -
—T
4 - 1
—T
2
3 =T
3
—T
24
3
i 6
—T
7

Cell Temperature (Deg C)

hours into charge
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Pulse Power Ability

I Enabled
Yoltage Monitoring
16.82917

i

Reset Signal

TOC Signal Input

g program
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= Timing Paramel:ers}=

_Sampling Rate (Hz)
o) 1000

Log Data?

Make New File?

Battery Voltage

Amplitude

8/5/2010

J32.70 Battery_1

13273 Battery 2 MANA

25.34 V min

12:56:00.000 PM 12:58:00.000PM  12:59:39.719 PM
8/5/2010 8/5/2010 8/5/2010

12:52:00.000 PM 12:54:00.000 PM
8/5/2010 8/5(2010

Time

IR o e
J 10.03 Current_1
——Batt_Conn! Battery Current 003 curent2 ENA
L] L]
Battery_1 Battery_2 5-)
B -10-
5
Comment £
. & -157
20~
o5
—Max. /Min. Parameters B R
: p 12:49:47.721 PM 12:52:00.000 PM 12:54:00.000 PM 12:56:00, 1581 12:59:39.763 PM
N PR 8/5/2010 8/5/2010 Bisiz010 8/5/2010 8/5/2010 8/5/2010
Yoltage Yoltage u o Time
J3s Jes 45 J String A String B REMOTE ON/OFF File To Upload

——Battery_1 ——Battery_2
Max. Yoltage Makx. Yoltage
Q 135.514 {35.5003
Min. Yoltage Min. Yoltage
125.3434 Q {25.3707

|3.27075  Cell 1 |3.27233  Cell 1
ON on
1327239 Cell2 I 3.27207  Cell2
3.27436  Cell 3 *

o
E.??‘:;D_S- Cell 3 l— File To Upload
\3.27272  Cell4 e l3z753s  Celld = =
|3'272°6 Eels I3‘27239 Gl Controller Address  Device IEEE Address
W cell 6 m cell 6 o 4
[327075 Cell 7 Js.e878  Cell7
[3.27141 Cell8 Ja.26779  Cell 8
m Cell 9 W Cell 9 STOP

e

3.27092 Cell 10

|3'27059 Cell 10

27




High Power Ability

Battery 1 8/09/10 MSEC
10W chgat 0 deg.C to36V

39 11

38 1

37 09

36 Vb

m

35 s |b 07 g-
v Lt S
s - 06 =

W“‘
~ w Q
© 33 05 £
=2 =
2 S
o 04
> S
.'—

& LERNSS
g o
S 30 02
o

29 01

28 0

27 01

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32
hoursin charge
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High Power Ability

Battery 1 8/09/10
450W 3 mindischarge @5C after 36V chg MSFC

38 12

37 10

36 8

35 6

34 Vb 4
33 . 2 W
19 é_
W R U
-.__ N
S 31 2 =
< y

v 30 4
S 5
= 29 6 9O
o >~
= 28 P
> N\ b
£ AN N Y ]
o 27 Vmin=25.34 -10 o

E \\_ |

o - -

a 26 .~ v e ap——— 12

25 -14

24 -16

23 -18

22 20

0.0 Q2 0.4 0.6 0.8 10 12 14 16 18 20 22 24 26 2.8 30 32 34
minutes into dchg
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High Power Ability

Cell Temperature

Battery 1 8/09/10
450W 3min discharge @ OC after 36V charge

T1

27

24

2

21

18

0.0

(1S 10

15 20 25 30 35 40 45 50 55 60
minutes into discharge
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40° C Cruise Phase

Battery Voltage (volts)

Battery 1 8/12/10
Nutations 1-14
37 14
TCM _ 1
R B T T S e S s S U T
| | | o
35 - R I B ]l ------------------------ I ----------------------- e S S frememenenes \ 10
NN
B T s S I F8
- o
ey £
33 - - SRS S S - 6 E/
-------- Ib -
c
Q
C 7 S0 RUURRRRIINS WRININFRSINE SNBHRUINUS NSRS SUWENRUN JSSRINSUINS. NIRISUINSN SRS TSNRIWRNSE: RUSRSRSIE SRS WESSSTRIMIS S—— O
3
O
- &
;- J [ TRRRERURRNE SNSRI SNSINTNNNI ISR WRNIN—— IS WESNTETEEI. SINSNTRITEEIE SUNNGTINEE—. IS SN WNNSESEI—— WUNTE——————. S —— 2 5
4—
-
o
11 J S FSNUY S SN SIS SUNI S S S ST SUN—— S S S ———— 0 o
b T e e e T e e T e e R L e B 2
28 P SRR R ——— SNS——— SN ——— SE—— P ——— R ——— S S —— SE R S ——— N ———— S A ———— 4
27 : -6
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 3.0 9.0 10.0 11.0 12.0 13.0 14.0

hours in cruise phase

NASA Aecrospace Battery Workshop, Huntsville, AL Nov 16, 2011

MSFC

31 /




Operate

Cruise Phase

[ ]®] @[ m] [ 13t Dialog Font ~|[3=~
~
o Battery_1 §
TOC Signal Dutput Timing Parameters Battery Voltage Battery 2 A
'Sampling Rate (Hz)

o)l 1000

{Heartbeat)

Yoltage !‘/Io‘nit‘oring 1

31.05 V min
Log Data? -

[ Enabled
Yoltage Monitoring
16.6795

Make New File?

——Batt_Conn——

Battery_2

*DFF

Reset Signal Batte:-y_l

e
@)
TOC Signal Input

Comment

20

OO
6:28:07.007 AM

8/12/2010
+HiRwl |
Battery Current

—Max./Min. Parameters

Amplitude

30—

T
6:28:07.051 AM

0.000 AM
8/12/2010

1
6 0.000 AM
8f12f2010

6
8/

6:32

R

00.000 AM

12{2010
Time:

0
:00.000 AM

6:34:00,000 AM
8/12/2010

:00.000 &AM

’ orking program % TCM30

3.34936

Maximum Minimum 8/12/2010 8{1242010 8/12/2010
Yoltage _¥oltage Time:
5 E3 )25 +HiRlw | String A String B
I3.35675 Cell 1 |3,3544s Cell 1
oN
——Battery_1 ——Battery_2 |3.35544  Cell 2 I |s3s314  cel2 N
Max. Yoltage . Max. Voltage |3.35231 Cell 3 |3.35544 Cell 3 ‘
Q) 34.5078 Q 134.5931 l3.35445  Cell 4 e faasi7  Celld
|3.35087  Cell 5 |3,35251 cell 5
|3.35251 Cell6 |3.35546  Cell 6
v Min. voltage ‘|3.34922 Cell 7 ‘|3,34791 Cell 7
Q}' 131.0548 Q 131.0508 l3.350s7  Cell8 |3.34922  Cell8
Js.3s505  Cell9 J3.351 Cell 9
r““" Cell 10 |3.35166 Cell 10

e
6:37:58.913 AM
8/12/2010

——
0.000 AM
8/12/2010

Current_1

Current_2 -

T T
0.000 AM

o
H 6:37:59.094 AM
8f12f2010

8/12{2010

REMOTE ON;/OFF File To Upload

File To Upload
% &= |
Controller Address  Device IEEE Address
0 5
STOP

attery Acqui
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40° C Cruise Phase

Battery Voltage (volts)

37

36
35 A
33 A

32 e e e e e e e o e e e e e e e

31

30 B S T T T T e T T s T e s e

29

28

27

Battery 1

Nutations 16-41

TCM _2
@ 42 hours

pe,rfio,d,is,,qv,qi,l,qb,le,,if,n,e,e,de,d,,,,,,,,,,,,,,,,,,,,,,,,,,;,,,,,:,t,,t,;:

VYb_min=33.3V

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

hoursin cruise phase

14

12

- 10

8/13/10

Battery Current (amps)
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40° C Cruise Phase

oject Operate
‘E\ [ 13pt Dialog Font ~|[3=]|
—— ~
133.53 Battery_1
= Timing Parameters|= T
TOC Signal Output Battery Voltage 133.46 Battery 2 NN
vSampIing Rate (Hz)
i}}{mnn
{Heartbeat)
Yolta
B
2
Log Data? =
<
Disable CKT Monitoring
t Enabled
Voltage Monitaring R e e e ]
| 9:19:03.272 AM 9:22:00.000 AM 9:24:00.000 AM 9:26:00.000 AM 9:28:55.177 AM
8/13/2010 8/13/2010 8/13/2010 8{13{2010 8/13/2010
Time: ]
+HiEw |
Current_1
‘\“FF ——Batt_Conn Battery Current |
5-
Reset Signal Battery_1 Batte:’y_Z
- o
@)
TOC Signal Input Comment
&8y : o —— —_—— —_—
Max./Min. Parameters 119:03, :22:00, 9:24:00,000 AM :26:00,000 AM 128:55,434 AM
et i 8/13/2010 8/13/2010 8/13/2010 8/13/2010
Yoltage Itag Time
f. roo— L prea— - O Py . . o
5 E3 s +HE ol | String A String B REMOTE ON/OFF File To Upload
|3.3s347 Cell 1 1335215 Cell 1
ON
——Battery_1 ——Battery_2 13.35314  Cell 2 * f3.3515 | cei2 O
Max. Yoltage Max. Yoltage |3,35051 Cell 3 |3.35243 Cell 3 * File To Upload
Q 133.9869 Q 133.9824 l3.3s215  Cell4 o la3sos1  Celld i
= Im Cell 5 m Cell 5 Controller Address  Device IEEE Address
|3.3505¢ Cell6 |3.35185  Cell6 o 4
Cell 7 i Cell 7
v Min. Yoltage ﬂ|3.3459 13.34791
Q) e O (30,7148 [3.34085 Cell8 |3.34922  Cell8
— Y3.35035 | CellS J3.351 Cell 9 STOP
|3.35035 Cell 10 |3.35166 Cell 10
v

[ wokingprogram [ @ nutations B Battery Acq Battery Acquisition_
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40° C Cruise Phase

Battery Voltage (volts)

37 4

TCM _ 3
36 oo @99 hours

35 4

34 -

33 4

32 4

31 4

30 [ VT L S FO S S W S TN W SN S W WSS VN——— T—

29 A

28 A

27

Battery 1 8/15/10

Nutations 43 -98

data for this period is available if needed

Vb_min=32.9V

42 46 50 54 58 62 66 70 74 78 82 86 90 94 98

hours in cruise phase

-~ 14

T 12

10

Battery Current (amps)
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40° C Cruise Phase

Battery Voltage (volts)

. tter
TCM_3 Vb_min=30.26 Battery 1 8/15/10
TCA_3

36 80

35 70

34 j —N 60

33 - 50
~
A%}
o

32 1 a0 E
(=}
p—
€

31 -+ 30 S
-
-
=

30 20 Q
>
4
@

29 10 t
o
(1]

28 0

27 -10

26 -20

25 -30

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0

seconds
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40° C Cruise Phase

Battery Voltage (volts)

36

34

33 [ . S . R WSS WETE E S W Y S S AT E————

32

31

30

29

28

27

Battery 1
Nutations 100-110

TCA
@111

data for this period is available if needed

S

8/16/10

_4
hours

99

100 101 102 103 104 105 106 107 108 109 110

hours in cruise phase

14

- 12

10

Battery Current (amps)
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Operate

Cruise Phase

[ ]®] @[ m] [ 13t Dialog Font ~|[3=~
) ~
o §33.53 Battery_1
TOC Signal Output - Liming Parameters Battery Voltage l33.55  Battery > NN
'Sampling Rate (Hz)
o)l 1000
{Heartbeat)
Yoltage M it‘oring
10.37537¢ =
Log Data? =
<<

Disable CKT Monitoring

[ Enabl_lﬂl

Yoltage Monitoring

A el Make New File?
16.40148

——Batt_Conn——

Battery_2

;\orr

Reset Signal Batte:-y_l

°

TOC Signal Input

Comment

—Max./Min. Parameters

2 - H—— '
7:06:05.468 AM 0,000 AM
8/16/2010 8/16/2010

iRl w |
Battery Current

Amplitude
Qo
1 |

-20-]
o5}

S0 T e e 0
0.000 AM

L I
7:10:00.000 AM

RN
00.000 AM

8/16/2010

o e
7:12:00.000 AM

8/16/2010

L e B
7:12:00.000

AM

(e ] g
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7:06:05.566 AM 7:0
Maximum Minimum 8/16/2010 8/16/2010 8/16/2010 /16/2010
Yoltage _¥oltage Time
5 E3 s +HiRlw | String A String B
‘]3.35003 Cell 1 |3.35806  Cell 1
i ON
——Battery_1 ——Battery_2 Jaaseos  Cell 2 I 335741 celi2 M
Max. Yoltage . Max. Voltage "3.35642 Cell 3 |3.35905 Cell 3 ‘
Q 134.7505 Q 134.7763 13‘35305 cell 4 OFF |3,35544 Cell 4 =
|3.35513  Cell 5 |3.35612 cell 5
J3.3se12  Cell6 |3.35007  Cell6
i Cell 7 i Cell 7
sk Min. Voltage 213.35415 s lla,sszsn !
Q} T Q 130.4095 (335513 Cell8 |3.35352  Cell8
- > J3.35527 Cell9 |3.3556  Cell9
’—3‘35461 Cell 10 |3.35625 Cell 10

0.000 AM
8/16/2010

m
57.373 AM
8/16/2010

Current_1

Current_2 -
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40° C Cruise Phase

Battery Voltage (volts)

Battery 1 B8/16/10
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40° C Cruise Phase

Operate Tools Window Help
@ [ 13pt Dialog Fent
~
T p 133.19 Battery_1
=Timing arameters|= e —
TOC Signal Output Battery Voltage 133.16 Battery 2 [N
_Sampling Rate (Hz)
o)l 1000
{Heartbeat)
Yoltage Monitoring .
0.40163. 2
* . I 29.24 VV min
Log Data? 2
Disable CKT Monitoring i 3
! Enabled
Yoltage Monitoring 55 8 ! = L
16.42052 SkeiNewiRlo? :02:00.000 PM 104:00.000 PM
b 8/16/2010 8/16/2010
Time
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Rl | a5 2
-‘\OFF ——Batt_Conn Battery Current 1-0.01 current_2 RN
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o .
TOC Signal Input 2
Comment £
&
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b Ed s +HiEg ol | String A String B REMOTE ON/OFF File To Upload
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Max. Yoltage Max. Yoltage |3.31999 Cell 3 |3,3213 Cell 3 * File To Upload
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13‘3193" Ele |3'31967 gel Controller Address Device IEEE Address
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1 l Cell 7 '|3.31303 Cell 7
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v

Battery Acquisition_Y...
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Surface Drilling Phase

Battery Voltage (volts)

after 40C Cruise Phase Battery 1 8/17/10
surface drilling  drill #1
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Surface Drilling Phase

degrees C

10

Battery 1 8/17/10
temps 1-9 (string 1)

5 10 15 20 25 30 35 40 45 50 35 60

minutes
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Surface Drilling Phase

o

after 40C Cruise Phase Battery 1 10/15/10

Battery Voltage (volts)

31
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26
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surface drilling  drill #50
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Surface Drilling Phase

Battery 1 10/15/10
temps 1-9 (string 1) MSFC
23
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Surface Drilling Phase

Minimum Bus Voltage during Surface Drilling

Drill Load (Watts)

8 8 2 8 8

End Of Dishcarge Voltage
8

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 5/ 60 63
Days
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e Second Battery (ES41-10-ILN-TA-001)
@ 50° C During 5Day Cruise

» Second Battery Performance Duplicates
and Reinforces Performance of First
Battery
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\_ *




Lunar Equator Mission

e Solar Array Battery System Indlcated MBFE
» 15.5 Days (372 Hours) eclipse darkness
* 14 Days (336 hours) sunlight

e Thermal Subsystem Control
¢ -200° Cto +170° C
e Lithium lon (LiCoQO,) Battery - 50 Ahr
Blocks
8 cell Battery
* VVery Low Surface Rates
» Battery Size covers Peaks

NASA Aecrospace Battery Workshop, Huntsville, AL Nov 16, 2011
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Lunar Equator Mission

— 60°C

#1 r - .
Battery #1 [ upesonday ILN SAB/LiCoQBattery Risk MSEC
Reduction Testing
50° C —+— Battery #2-----, — 50°C
Nominal ~ILN Surface Noon
T 40° C
_“CE” “\ILN WEB Cruiise 77?
4 g 1 g
= a
/ILN Surface Night T g
+ — 0°C ';
Interf. " . .
Battery Cell Test Space craf(:T;:i‘raI Bus Radiator Design
L (Baseplate inside WEB) — 30°C

NASA Aecrospace Battery Workshop, Huntsville, AL Nov 16, 2011

48/




Lunar Equator Mission

Amperes
(=]

Q15

ILN SAB
Real Time Secondary Testim SAB
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Lunar Equator Mission

ILN SAB
6 Accelerated Secondary Testing SAB

A\ /

' 25
A\ W I SN
0 Ho% 2 # 60 12 15
+—Discharge|
2 5
Wi [
4 Femperature
_‘ \ === Margin Temperature -+
6 25

Degrees Celsius

o
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SAFT VES 180 Lithion NCP55-2
LiNi-AlC00, Li-CoO, SAB
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Lunar Equator Mission
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Voltage

16

15.75 ~

15.5

15.25 ~

15 1

14.75 ~

14.5 -

14.25 ~

14 -

13.75 ~

13.5 1

13.25 ~

13

Lunar Equator Mission

SAFT VES 180 Accelerated

80% DOD
Data not included due to power
outage
—EOD
—EOC
Data not included due to power
outage
/\ Faulty Shunt
B% /N
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Cycle
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Voltage

16.5
16.25
16
15.75

15.5

15.25 -

15 -
14.75 -
145 -
14.25 -

14 -
13.75 -

13.5
13.25

13 1

12.75

Lunar Equator Mission

Lithion NCP55-2 Accelerated 80% DOD

Data not included due to e EOD
power outage EOC
| Faulty Shunt
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Cycle
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Real Time Lunar Equator

e In 10" Cycle MBHE
» 15.5 Days (372 Hours) eclipse darkness
* 14 Days (336 hours) sunlight
» 26 watt Constant Load
* 80% DOD
e 50° and 60° C
* No Trending established yet.
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Conclusions ,

e Lithium Iron Phosphate (LiFePQ,, is a gbdd
candidate chemistry to supplement ASRG

* 16 C rate Capability
* 0 deg C min operating Temperature

e Lithium Cobalt Oxide (LiCoO,) accelerated
testing successful for Lunar Equator

application.
e +50 deg C maximum battery temperature
e -10 deg C minimum battery temperature

* Real time testing at +50° C and +60° C
maximum

» 9280 mpletadigyBl@shop. Huntsville, AL Nov 16, 2011
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* No trending yet established



